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v - Wo, 'y/'£STE5lW "SLlj-CTRIC , 

COM?^.;: v iNCOIVFORATSiD, of 195, 

"SiOi-dwr.y, Im.-.. "orb City, Neiv Yorb Stat?, 
United 3i->.tes <a '^lerica, m Corporation 
organised sad o:-;is-iirt^ xlor d:e j>;wi of d:C 
;;racc of b^y/ Yo\\:, "bdtcd >S?:ues oi 
An;Ci , :::a, do hereby decia. die- inversion, 
/or v/hich v/e pi'ay Thai a -::r^ -my' bo 
■iVSiii'ccl to us, and d*o raed'.'Ov. by v/bicb 

is -o^hc perfonried, to bo pnuic. v.viy des-.. 
cdbed in ncd by the loYi&:*kvy c . fc v;.;vj;«.. 

This bryt^dOiWebKos zo Saccloc-vic cabtes. 

Tii s.u^ iidd of ar^ccx-nccdc^ v/Iiich 
l.-iigeiy involve v-ansdv^ v/i:-:sd coo:A0cdo:n:; 
betv/ccn !?.ik!;s:iCu.> subassemblies of *;cn;ip?e:;i 
dectroriic gear such as computers, -sec, die 
concep? flat eab&. has ireeer.tly reived 
^:cn attention bccnyjc of vis ^nass ;cnniiaa- 
den and ^Va-^o^sn- cost .beru:<2t. Masa 
res^ii su fe'.vc"* VAtrr-nfj £trc*3 
./bich .-is h^por^u csnddeYndou fcr sue!* 
c;:/np?:;u ^yov^^. ' 

l i:e probJesa -crossialJc between sd jueens 
p^Th.s o;c da* coble has fetn recognised. Cne 
'OiUticn to pkee- conductors ox n ^v-^n pnir 
on opposite 3*des ox the insulatr*? circuft 
carrier, ' wish mzti paths* slightly and ' 
oppositely offset d?h respect ;o a ccaKaen 
^nominal paih kcator. The oifsr^t;> arc 
poviodicnily reversed, so as io achieve svJmi 
bns been cniicd a "pscy.de*?. :vist", and /the 
twist lengd.i i;-5ir/ecn r.djaesnt pai.v.3 ' ' ave 
:elected to rordttwiEC cmiosai!:. ■ 

Vcc diijeveiiv'^vist lengths in /a ;osc-»ido- 
•.v/isted sriuki\:a;v Rat cc-nduciov c:r.blci* noryn-- 
ally causes tho chay^ctoroisyc i-vrcedr.nc.-? i and 
;;rcpagni>:it>n "/^.cx^ty diafer from p^lr to' 
pnli'. TL-3 veij&fdy .fc-i ibis • staisiloyi ^ noi 
.Jcund by rafew.tica Ac: ■ cnnv^itioTiri con-- 
•dnuo^.;"y tr/istird pair art bacauss of 'the 
pccuii.^i'do3 ov .Sat ' conductors " snd ib:-s r*ca- 

Accovding u> die ^nv^mion a il/.v ; : -decsric 
cab-c In-dydes plsroality.- of poJro ov con- 

dde-by-^ide . rdndon/ 'Midi jnsuladv.i nies^s 
bfitv/cjn s?ie' paths, of .2iv:h. said pair, on^ patSi ' 
o.c oaci> pni^ cfs>s3iiig ovsv.ihe oth^ pa?.h - 



^bcrcoi insecv^Is diiioven*: from pp.ir-r.o- 
pnir, rxd tbo oi oved^p :ai ouch eve^ :- 50- 

i:vor being different iron puk-Sc-pai^ d:o 
c^b!o bciii'i such thai ;u:cb *£id p^ir hr-3 c-ub- 
s>:nnd:dly tho sauu: propu^.itiov. "vdec^y .and 
cb:.ivnc-c.vi::tlc' imc^d;-iic^ a.>. cacb of £hi* -3dv:v 
p-aivsr. 33 

FveiOiT.bly, '30id 
n Mi^tavy inrnd-ur-vo mrA'aim, &v\. cno p-\.di 
o^.^acb .rid paii is dkpocud on or.i2 cido ;f 
••aid i:afiiuu'dvo ^^dli^-/ -jnid tb-? Ouic-v padi 
d-Oioav di.;poi::d 012 die co?-;^^^ rife oi €9 
sSxl in.ui?.ftiivo*n:ed:vsra?.. £^icl ins-jlsdve ^2.'a:;^ . ■ . 

Th?; iiV7C;u:on v/iil i^o^r be describ-cd wi*b . 
AOfrfCwce *o die ^ccoT^paay:?:^ dviT.vin-'j b; 
rvliich: "* ^fi 

2 ? irj. -I 5s a sch-Siva&ifc- per5p4-cL*i7« dn^v:.^ 
oi a ^ut cable v/idi diiicre;^ iv/ht 1e.^3;d^; 

Idg. 2 is a robrandc "op vi;r;Y CiV;r-.> ' 
over poiit^ bei-Toe-j ' cor.dv.c"r*T3 oi ^ -jivon 
czi- in zvich a cabk^' ' ^0 

Figs-. 3 A nsd 3 "3 dlustrxite c\qz-&vz$ vrk\?c ' . 
sb/id : yiva vsapec: 2; ' ' - . 

viz. 4 is a graph Gl:cv;i.« t rj tb.e vels?ieachlp ' 

. 1?%. 3 nhov/3 a 3^; cnfcle" 20 hav^n^ 
"^psfiKdo^isied" oai>:3 ?. 1—1 j\ Tfcs tcvo oa> 
dnenvc pa?b3 r;hich 'mzte ?jp ^:ch av^ ■• 
de«ots.d J> la ^ncb 'ibe^n pnda ■ 

.'ii's all dfopc^ed o«i onvi ddo ai' a :u^bb: ' S3 
^s^d^dvo Ar. : Kliii.ra 16, ds?.d ibv:. d> patb;5 bv o 
dSc-p533ed- ±5 epp^ho' -sids of i:iiidte:\ 
::5b ; Cfo3HOV5T_r-3.3ic-iis 17 cccuv atearj t^^i 
PjU' '1:1—35. isnch p.?.h' b rpv^i ;i diffe-rsut 
iV/:b",ko^ih «/rdi ^2:0 sa^sd ' *o mbd- .Sri 
1.^22' crosstnii betv/c-sn- sdjiicsni paiv^ T^hd^o . ' : 
diZci^zm femi'l&n&m- \\xz achl^vbd by cou> 

v«h^i3 of diiJfifiri^ pcrindiciiy i^oari pnsv 
prnr. Hzc^zxjox d-o'ep^co m vkich *i?.e- ro- 
"/iitisaJ:-; occur', ^bc patin oi'onch pair ^idd. <3ll f '; 
p^J^s iirc g^aeraliy payajhb : 
* d^pku> a 'go^^^ixl p^^^n^ic^d • 

pain: mth a Xv7i3" lcri:;:ih /jeH-e-Kit^ Ssnciiad 1 
do!ia&l Jhe dfstacce b^t^^n_^moo 
tr/o-" recent cto^sovcxs iZi, 17b, -Tu3 l"7^ 'v 4 "-.* 
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conductor paths 13, 19 v/iuch make up the ^ 
pair arc applied by any of various conven- 
tional methods to opposite sides ci insulative 
medium 16. ihe two crossover areas showa 
as 17' axe regions cf overlap between the 
paths 13, 19. 

• At frequencies in the megahertz region, 
the characteristic impedance Z, and ihe pro- 
pagation velocity /< oi: any given line are; 
respectively, * 



>/T7c 



and 



•/re: 



(i) 



where L nnd C in bosh equations are the 
inductance per unit length and the capaci- 
tance per. unk length, respectively. 

For o."eudctv/i.sted rku cable 3*^Cii as shown 
In Fi30. 1 and 2, 2 tI end /i ure '.zdd;tic-i:n!Sy 
Aincdons of the twkt length 7. This in be- 
causa of ihc Unnped capacitance denoted C :; 
associated with the crossover areus 17". To 
a iirst approzd^iadon : 



(3) 



where a is the hiternl width of thcccuduc-' 
£3 five paths ns shown in" Smjj. 2. 

•■} plots the rnees-ored capacities' : : a 
picofarads per feu? 'or dMerln;; values cx 
twist length ? for a ps^izdctwsted pair .facing 
a fixed, path widdf J. However/ it v/.iil b.e 

.30 rccogniasd that ths per-unit length indue- 
vance L, and capacitance ,C» or -the pair in 
Fig. 2 Tire substantially independent <oi 553th 
v/idth J. Further, decreasing the s*ist length 
by a feeder of 2, for er.ampls, increa^s &fe 

35 contribution .of t3se capacitances Cj also by 
a factor of 2. . 

This can be exactly compensated for fey 
reducing the path lYidth rf'by a foctc? oi? 
*/2 in the above c-canvpie. 'It SoHows tfeut Si, 
40 and /< ar^: then rendered indejesdem .«H 

twist lensth J. in general the crossover area 
17' k made- snsalkr for . hotter twist ie^3ih;j 
and iarger for greater tw^S length*. 

Tabic A (nee hmi^ifze?) illustrates by v/ay' 

d3 of *£:camp!c how the path width 2^ay £2 wjrisd" 
to compensate for ailerons 'twist .lengths; so 
iiiiii.yll pscudov.vist paiirs 01 a sivsn <3&vT: 
will e:<hibii dis sar^e characteristic iragssd-"' 
unce""Z. and p^pagaiio'n velcdty ,m. It' has. 

SO been found thai a. vnnat!o«s 3/2 /p *o-- 

. 8" in the .twist length -J- oo:aslc;i3 al cfcange 
in the uvAx length fcd-ktasics 1 . 1) of fess'tJjaa' 

: " ten percent, .her.es. rr.aldng it possible 10 co*> 
centrate sckiy on cunirol . of tJie ■ co'hteHRs- : 

53- tions of the crcssovcr area capacitances C ? '. 



TABLE 1 

Varying path .width d' f .o compensate for 
twist length 1 



I 

A" 

2" 
1" 
!/2" 



J' 
.050'' 

.05O'7*/2^.035 // 
■035'7«/2 = .025 // 
.025'7./2 = .013 // 
.013'' -/2 = .012" 



Figs. 3 A and 33 depict specific 
approaches zo vary tlv; crcsscver area in orac- 
iicc. In P^. 3A die accessary veducdon in 
^he p^th r/:dt;h d io a vsiue iV is i^iade, and 
the cr:^:cvOv legs 20, 21 are rciaintainacl ai 
the v/idth until an imerKec:fca is ei?ec>:cd. 
3n Fig. 3k>, .the v/idtii «f die cros:over le^s 
20, 21 are held •:% t.We 3.:nie -vidth J as that 
of ±e main circuit pnxiis i-ndi approach to 
the c-cs^uver nre-i is -nade. The patii ividtii 
is, rU-Jn abruptly iciiuccd to a value /;/■'. Othei- 
n-erhods enn readily . ! ;e eaviss-oncd that v/iil 
achieve required leducticn 'n path ^vidth 
ut the eve-^s-over >oh; : : 50 as -:o reduce the 
CTGscov^r -iven, and h^iic^ tha c-za^dtgnces 
C 2 . 

. An i:^ru*5vncvurin:j .G:.rt c^bie, -o;? rhe puir 
patha mny .zdvante^ec^^ly be oon.i^iicted : ,vkh 
isubsiairdr-iiy the sar*:e ^^:d;;rd -yidlh along 
tii;: parallel pcniotiS, Thun, cioo'icver 
rc^fens Oa* -Ail one 0/ She cabi:5 pairs are 
c^aasviViCtsd -.'isrn-j path ? vlddv; hss than d:e 
stancl=iAd width by sn 1 ^mnvt dependent 01V 
iJae jiuttravsi?:c?:i revev^ai pc-r:-cd : 5 ci;y ox the 
given pn'h\ 

.Per high p-iiv ccuizt livii cables with n 
!arge -H^b^v ci i-vist k'.ns-±3 ? it nnvy be 
desirable -o sup-piy zcs&z crc-scver areas 

. v/hich greaser tha.u csm b^ ir::ids 'with the * 
Siand;;^d 1 .>:h width, ^3 wdl ^s having cross- 
over are^s .reduced ^rcm ataridard path 
width ? to .Tvoid pot^ntiai p.wciesns incident 
to. very small xross-ov^r areas. 

Th2 .invention 'h.a3 be2n ; "describea- 3argely 

. in. its lis?? '.vitSa a Sssibte inadaiivc: ^sdiym 
yihkh ';^ziy, ^:;aB2pk ? be .Mylar "(Sfegis- 
ter:od Trade iViar^) -ot die lik^ whh. cspper 
c-e-33dy.ct.oa' pGdis r^-zde using- *;ijc-;? ^etnl'de- 
position ov tiirfiing teckasqisas. it ss, he-v^ 
ever ? ob v ;kus &oi: fee invadicn izs -ateo appi:- 
^cabJe zo ^■izltJp^iv'co-jusiH^d^s produced' on 
^fcrdb]^ iizedla, 

■ ' 'WaYT '7/E Ct;V(,:d IS:—- ; 

2, A -n-.it ckclric ccbie hcdizdho.a piiurJi£y- 

• arcan.^d in s^de-by-sida r^lat^, .iad ^nstda- 
: ^ive .sxcscs'i between d:e patio or aacia ^old 
•pai^, c-ifi p;?ih- oi -rsciv oaid pidr crcssfe^- ov^r 
the czh^r ^;^i.'zi:^0:f i« ifitss-wlsj 'dMerem • 
from p:ilr-::>p^ir 0 cj;d .^se ^rea cx 'byerfap; at 

jjMsr, c-.bia. i^tag-^cSi.-flint fetch sas.d.pair 
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city and characteristic impedance as each of 
the other pairs. 

2. A flat electric cable as claimed in claim 
1 wherein said insuiativc means comprises a 
unitary insuiativc medium, and one path of 
each said pair b disposed on one surface of 
said insuiativc medium and. the other path 
thereof Js disposed on the opposite surface of 
said insuiativc medium. 

3. A flat electric cable as claimed in claim 
1 or 2 wherein said insuiativc means is 
i!exible. 



4. A flat electric cable substantially as 
herein described wish reference to Fig. I with 
Fig. 3 A or 33 of the accompanying draw- 
ings. - 



\ C. 3. T. 3UCXLEY, 
Chartered Patent Agent, 

5 Mornington Road, 
Woodford Green, Esse::. 

Agent for the Applicants. 
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